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MOBILE ANIMAL SURVEILLANCE AND
DISTRESS MONITORING

RELATED APPLICATIONS

This application is a continuation in part of U.S. Ser. No.
15/494,761 filed on Apr. 24, 2017, entitled “Mobile Animal
Surveillance and Distress Monitoring” currently pending,
which is a continuation of U.S. Ser. No. 14/626,740 filed on
Feb. 19, 2015, issued under U.S. Pat. No. 9,629,340 on Apr.
25,2017, entitled “Mobile Animal Surveillance and Distress
Monitoring,” which claims priority to and the benefit of the
filing date of U.S. provisional application Ser. No. 61/943,
677 filed on Feb. 24, 2014 entitled “System and Method for
Mobile Animal Surveillance and Distress Monitoring,” and
62/087,076 filed on Dec. 3, 2014 entitled “Method for
Mobile Animal Surveillance and Distress Monitoring” all of
which are incorporated herein in their entireties by refer-
ence.

BACKGROUND OF THE INVENTION

This disclosure relates to detection of animal distress, and
particularly to notification of caregivers of such distress.
Excluding old age, colic is the leading cause of death in
domesticated horses regardless of breed, sex, and usage. It
is estimated that this condition afflicts nearly 5% of horses
in the US each year and more than 11% of these cases will
be fatal. Being cast, although seldom traumatic, is another
highly-common cause of serious injury to horses. Unfortu-
nately, colic and being cast often occur overnight or at
remote locations when horses are unsupervised, resulting in
delayed intervention. Delayed intervention is a negative
prognostic indicator that has dire impact on survival and
quality-of-life outcomes. Another important time for equine
surveillance is when a pregnant mare (i.e., adult female
horse) is scheduled to foal (i.e., give birth). This process
occurs very quickly and while the majority of mares foal
without difficulties, a meaningful percentage experience
complications that require human intervention to reduce the
risk of injury or death of the foal or mare.

Colic

Colic is one of the most dangerous and costly equine
medical problems. Colic is a symptom of disease, but not a
disease itself, and is generally defined as any abdominal
pain. Equine colic can involve any number of abdominal
organs, not just the gastrointestinal tract. For example,
abdominal discomfort from kidney or liver disease will
sometimes cause signs of colic. Equine colic can originate
from the stomach, small intestine, large intestine, or some
combination thereof, and is associated with any malfunction,
displacement, twisting, swelling, infection, or lesion of any
part of the equine digestive system.

Equine colic is multifaceted and its diagnosis can be
elusive with symptoms ranging from subjective and subtle
changes in the animal’s attitude (e.g., depression) to objec-
tive changes in the animal’s vital signs (e.g., increased heart
and respiratory rates, heart rate variability, rise in tempera-
ture), biologic functions (e.g., lack of digestion), and
actions/movements (e.g., pawing, kicking, flank watching,
rising/falling, rolling+/-thrashing). Further, a horse in dis-
tress will not usually display a healthy shake upon rising/
standing after rolling or lying down. A horse suffering from
colic may show any number of the following signs:

Pawing and/or scraping (front legs)

Kicking (back legs) up, or at abdomen

Repeated lying down and rising/standing
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Rolling (+/-thrashing)

Stretching

Pacing

Flank watching (i.e., turning of the head to watch stomach
and/or hind quarters)

Biting/nipping the stomach

Repeated flehmen response (i.e., curling of upper lip)

Groaning

Bruxism (i.e., excessive grinding of the teeth or clenching
of the jaw)

Excess salivation

Loss of appetite

Change in attitude; depression

Frequent attempts to urinate

Lack of normal digestive/gut noise

Lack of defecation

Increased heart rate

Increased respiratory rate

Increased temperature

Sweating

The causes of colic are not absolute and may include, but

are not limited to:

Obstruction of the gastrointestinal tract from food or other
materials

Impaction of food material in the gastrointestinal tract

Buildup of gas inside of the abdomen

Parasitic infestation by roundworms, tapeworms, cya-
thostomes, and/or strongyles

Dorsal displacement

Torsion of the gastrointestinal tract

Intussusceptions

Epiploic foramen entrapment

Strangulating lipoma

Mesenteric rent entrapment

Gastric ulceration

Enteritis

Colitis

While many animals can suffer from colic, horses—

especially those that are stabled—are particularly suscep-
tible due to a multitude of factors, including heavy grain-
based diets, relatively small stomach volume, the inability to
release excess gas by eructation, susceptibility to parasitic
infestation, and a highly convoluted gastrointestinal tract.
Treatment for equine colic varies depending on the cause
and severity of the condition ranging from rest and medi-
cation to invasive emergency surgery. Different types of
colic include, but are not limited to:

Stomach distention: The small capacity of a horse’s
stomach makes it susceptible to distension when exces-
sive amounts of food are ingested. When a horse gorges
itself on grain, or a substance which expands when
dampened like dried beet pulp, the contents of the
stomach can swell. Unlike humans, horses have a valve
at the distal end of their esophagus into the stomach that
only opens only one way, and as a result horses cannot
regurgitate. If something is eaten to disrupt their diges-
tives system, there is only one direction digesta can
travel. The horse’s small stomach and their inability to
regurgitate may result in distension and potential rup-
ture of the stomach.

Displacement: The small intestine is suspended in the
abdominal cavity by the mesentery and is free floating
in the gut. In a displacement, a portion of the intestine
has moved to an abnormal position in the abdomen.
This mobility can predispose the small intestine to
become twisted. Except in rare cases, the result is total
blockage of the intestine requiring immediate surgery.
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During twisted intestine surgery, the intestine is repo-
sitioned and any portion of the intestine that is damaged
due to restricted blood flow is removed. Displacement
colic can be caused by gas build up in the gut that
makes the intestines buoyant and subject to movement
within the abdominal cavity.

Impaction colic: Impaction colic occurs when the intes-
tine becomes blocked by a food mass that’s too large to
easily pass. The large intestine folds upon itself and has
several changes of direction (flexures) and diameter
changes. These flexures and diameter shifts can be sites
for impactions, where a firm mass of feed or other
foreign material blocks the intestine. Impactions can be
induced by coarse feed stuff, dehydration, or accumu-
lation of foreign material.

Gas colic: Most cases of colic are associated with some
gas build up. Gas can accumulate in the stomach as
well as the intestines. As gas builds up, the gut distends,
causing abdominal pain. Excessive gas can be pro-
duced by bacteria in the gut after ingestion of large
amounts of grain or moldy feeds. The symptoms of gas
colic are usually highly painful but non-life threatening
unless untreated, and then displacement becomes a
possibility.

Spasmodic colic: This occurs due to increased contrac-
tions of the smooth muscle in the intestines. These
intestinal contractions, or abnormal spasms, cause the
intestines to contract painfully. Over-excitement or
over-stress of the animal can trigger spasmodic colic.

Sand colic: When fed on the ground in sandy regions sand
can accumulate in the horse’s cecum. The irritation can
cause discomfort, and if there are significant amounts
of sand present, the weight can cause the cecum to
become displaced.

Enteritis/colitis: In some cases, abdominal pain is due to
inflammation of the small intestine (enteritis) or large
intestine (colitis). These conditions are the result of
inflammation of the intestine, and may be caused by
bacteria, grain overload, or tainted feed. Horses with
enteritis/colitis may also have diarrhea. Enteritis and
colitis are often hard to diagnose and may present
themselves similar to displacement or impaction colic.

Parasite infections: Certain types of parasitic infections
can cause colic. Strongyles, a type of parasitic worm,
cause intestinal damage that can restrict blood flow to
the intestine. Damage to the walls of the intestine
produce a roughened surface that can accumulate clots.
Other colic producing parasites in horses include ascar-
ids (roundworms) and bot flies which can cause stom-
ach blockage resulting in colic.

Stress: Travel, herd changes, schedule disruptions, and
other traumatic events can contribute to stress in an
animal which may result in colic.

Being Cast

Being cast occurs when a horse lies down or rolls in a stall
and gets trapped too closely to the wall. When this occurs,
the horse is not able to gain sufficient leverage and stand up.
Subsequently, the horse may become frightened and begin
thrashing, likely resulting in injury. Exhaustion to the point
of shock is another concern with a distressed horse that is
cast.

Nearly all cases of being cast require human intervention
to assist the animal to turn over. If the horse is relatively
quiet, two persons may be able to reposition the horse by
pulling it over gently by the tail or hind legs (with the aid of
a lunge line), while simultaneously pulling the horse’s head
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over. If the horse is panicked, sedation may be required
before any attempt is made to reposition and turn over the
horse.

Foaling

Birthing a foal normally takes place over several hours
and in three stages so it’s critical for a caretaker to recognize
these stages and assess whether intervention is needed.
However, monitoring of pregnant mares by caretakers is
often impractical and challenging, especially during the last
few weeks of the normal 340-day gestation period where
round-the-clock (24/7) surveillance is warranted.

In normal undisturbed equine pregnancies, a normal fetal
heart rate (HR) is 110-115 beats per minute (BPM) during
days 170-240 of gestation. However, this decreases to 80-85
BPM 3 weeks prior to birth and 78-80 BPM 1 day prior and
before parity with the mare’s increased HR at the time of
birth. Interestingly, as fetal HR decrease through gestation,
fetal respiratory rate (RR) can more than double from 10-12
to 26-28 breaths per minute at the time of birth. As such,
having the ability to simultaneously monitor both fetal and
maternal HRs in horses may serve as a useful approach to
predicting the onset of parturition.

Fetomaternal electrocardiography (ECG) is reliable
method for assessing fetal cardiac activity over time, includ-
ing fetal HR. However, continuous real-time monitoring in
the field is challenging and often difficult because of the
mare’s natural intestinal sounds and large size, so two other
methods are commonly used. The first is ultrasonography,
which can be done transrectally during early gestation and
transabdominally as gestation advances and as the fetus
descends into the mare’s abdomen. Second is transcutaneous
Doppler monitoring for fetuses in later gestation. Not unlike
fetomaternal ECGs, real-world application of these meth-
odologies is suboptimal as the signal is often intermittent,
and both are labor-intensive, invasive, and expensive.

Stage 1: Positioning of the Foal

During this stage (1-4 hours) the fetus gradually shifts

from a position on its back and rotates until its heads
and forelimbs are extended in the birth canal. Over
several hours the pregnant mare may appear restless
and become very nervous. She will likely have several
transient periods of pacing, walking the fence line, and
colic-like symptoms (e.g., pawing, kicking, rising/fall-
ing+/-healthy shake, rolling+/-thrashing). Mares in the
pasture will also move away from other horses and
towards complete isolation.

Stage 2: Delivery of the Foal

During this stage (15-20 minutes) the fetus moves down

the birth canal, the mare’s water breaks, and the foal is
born. Due to very strong contractions of the abdominal
and uterine wall muscles, the mare usually lies on her
side (i.e., on her flanks) with her legs fully extended
although she may also rise/fall several times to repo-
sition the foal, sometimes with the foal’s head and
limbs protruding. During this stage it’s important for
the caretaker to check the position of the foal within the
vagina; lower the foal to the ground if the mare is
standing; reposition the mare away from any wall,
fence, or other obstacle; and break open the amniotic
sack and untangle the umbilical cord, if required.

Stage 3: Expulsion of the Placenta

During this final stage (1-8 hours), the placenta is

expulsed. If the placenta has not been expulsed after 3
hours, the caretaker should alert a veterinarian. It is also
important for the caretaker to tie-up the afterbirth in a
knot such that it hangs over the mare’s hocks during
this period.
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Problems with Current Technology

Although there are a few technologies (i.e., equine foal-
ing/birthing monitors) on the market today, all these prod-
ucts have serious shortcomings. Their cumbersome design,
rudimentary analytical methods, and limitations in wireless
transmissions prevent them from being used reliability on a
large scale as foaling/birthing monitors, let alone secondary
use to assist in detecting colic, being cast, or other distress
states of animals.

Belly Bands: In practice, horses tend to become preoc-
cupied with nipping at belly bands, making it a distraction
for horses and staff. The belly band also introduces a new
injury risk due to the transmitter unit mounted on the horse’s
back. A horse experiencing severe colic is likely to roll
frequently and often. As such, a horse wearing the unit on its
back is likely to roll onto the unit, which may result in a back
injury. The methods for mounting this, which are similar to
other foaling sensors on the market today, and the position-
ing of these sensors on a horse make them suboptimal for the
detection of colic.

Behavior Analysis: Most foaling/birthing monitors rely
solely on motion sensors to assess whether an animal is lying
down or on its side for a specific period of time, which is
likely to be plagued with many false-positive findings.

Radio Frequency Transmission: A few systems use simple
radio frequency (RF) transmitters to signal an alarm when
triggered. These systems can be connected to a phone line or
pager to automatically alert caretakers. These systems use
single-channel RF modulation to transmit sensor data.
Because multiple transmitters interfere with each other and
their surroundings (e.g., metal barns), the RF approach
cannot be scaled-up for large operations with many horses or
be used while in transit. Interference can also arise from
other RF transmitters, such as cordless phones or other
similar devices located nearby.

Animal health monitoring system present challenges in
terms of outdoor environments, impact and removal by the
animal due to discomfort or bulkiness of system enclosure,
and the like. Accordingly, improvements are sought in the
wearability and survivability of such systems.

Given the deficiencies of the technologies cited above,
barn managers resort to (if anything) round-the-clock night
checks by caretakers and/or night watchmen to monitor the
health and safety of their horses. Such laborious checks by
humans are time consuming, subjective, costly, and not
without error. Even with individuals on location twenty-four
hours a day in a veterinary facility or barn, signs of distress
or trouble might not be caught as early as desired. Accord-
ingly, improvements are sought in the detection of animal
distress and notification of caregivers. The present invention
remedies many of these problems and limitations.

SUMMARY OF THE INVENTION

While the way that the present invention addresses the
disadvantages of the prior art will be discussed in greater
detail below, in general, the present invention provides a
mobile adaptive sensor and notification system (“MASNS”)
for surveillance of animals, and more particularly for the
analysis of biometrics (e.g., vital signs), biologic functions
(e.g., digestion), and behaviors (e.g., posture, motion pat-
terns) that may indicate a variety of problematic health
conditions, some of which may result in serious injury or
death of the animal. The vital signs of an animal, coupled
with its biologic functions, posture, and actions/movements
can directly correlate with a physiological state and behav-
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iors that are indicative of distress (e.g., colic), trauma (e.g.,
being cast), or other conditions where human intervention is
warranted (e.g., foaling).

There are over 9.2 million horses estimated to be in the
United States (>>58 million worldwide), with more than 40%
of these animals being kept for recreational purposes, nearly
another 40% being kept for performance competitions (i.e.,
racing and showing), and the balance being kept for farm,
ranch, and police work, as well as use in rodeos, polo
matches, and as carriage horses. When a horse is transported
or used heavily for performance competitions their stress
levels increase and subsequently their chance for developing
colic or becoming cast tends to be more frequent. Colic and
being cast are especially serious issues with high-value
horses, which are more likely to be transported for perfor-
mance competitions and breeding.

It is well documented that assessment of the autonomic
nervous system (ANS) can be used to identify acute and
chronic stress in both horses and humans. The ANS is a
control system with 2 branches (sympathetic, parasympa-
thetic) that unconsciously regulates very important bodily
functions, including cardiopulmonary function, digestion,
urination, sexual arousal, and more. Because heart rate
variability (HRV) is universally accepted as a non-invasive
marker of ANS activity, it represents a valuable marker for
determining if a horse is stressed because HRV is not under
their conscious control.

When a horse is experiencing colic and/or is cast, the
animal will be in a distressed state as evidenced by mea-
surable changes in biometrics (e.g., vital signs) and biologic
functions (e.g., digestion), posture (e.g., lying down), and
repeated characteristic motion patterns (e.g., pawing, kick-
ing, rising/falling+/-healthy shake, rolling+/—thrashing).
When this occurs, human intervention is needed to assess the
severity of distress and establish a care plan. Mild cases of
colic may be resolved by simply hand-walking a horse for 15
minutes, whereas severe cases of colic may require invasive
emergency surgery. A horse that is cast may sometimes
reposition themselves to stand-up independently, but more
often human intervention is needed to assist the animal. A
mare who is about to foal will also have measurable changes
in her vital signs and a well-characterized set of recurrent
actions and movements. Identification of these changes in
biometrics and behaviors will signal the start of stage 1, and
therefore an important time for the caretaker to be present to
monitor and address any complications that may arise.
Regardless of whether a horse is experiencing colic, is cast,
or is having foaling complications their outcome is directly
correlated with time to intervention. Delay of intervention is
a negative prognostic indicator that has dire impact on
outcomes, including permanent injury and even death.

Early detection of animal distress, such as colic in horses,
may lead to prompt treatment that can vastly improve
outcomes and increase the animal’s chances of survival. Due
to the high cost of colic surgery and poor survival outcomes
with untreated colic, it is especially desirable for the animal
to receive medical treatment at the first signs of colic. Thus,
a reliable mobile animal surveillance and distress monitor-
ing system in the form of a wearable MASNS noninvasively
attached to an animal that can relay a notification to care-
takers—when signs of distress and other serious conditions
that require immediate intervention are identified—is useful
in safeguarding horses without the need for humans to be
present for round-the-clock monitoring.

The MASNS and method of its use disclosed herein
comprises a multiplex set of sensors for measuring biomet-
rics, monitoring biologic functions, evaluating posture and
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motion patterns, assessing environmental factors, and deter-
mining the exact location of an animal; a computational
processor for real-time analysis of all sensor inputs to
identify, differentiate, and validate specific states and behav-
iors of an animal; and a wireless transceiver for bidirectional
communications to transmit notifications to a caretaker,
receive user queries, and update the system’s software and
firmware. The system can be configured to monitor the
physiological state, biologic functions, behavioral patterns,
and location of a wide variety of animals including, but not
limited to, horses, cattle, elk, llamas, bison, bears, sheep,
deer, companion animals (i.e., dogs, cats), etc.

One application for the MASNS is the broad surveillance
of horses to detect novel events. Novel events are described
as those biometrics, biologic functions, and/or behavioral
activity that are outside the defined parameters and limits of
the system. Another application is the continuous monitor-
ing of horses where biometrics, biologic functions, and/or
behavioral activity is analyzed within the predefined param-
eters and predefined limits of the system. The system detects
changes in biometrics and biologic functions compared with
both defined parameters and limits (for training of the
model) and adaptively-derived thereafter to each animal’s
unique historical and empirical values/thresholds. The sys-
tem also evaluates posture and actions/movements com-
pared to each animal’s historical “normal” behavior and
characteristic motion patterns that may be indicative of
colic, being cast, foaling, or other serious conditions that
require immediate intervention. Various MASNS embodi-
ments may contain any combination of an ultrawide band-
impulse radar (“UWB-IR”), a thermal infrared sensor
(“TIRS”), a microphone, a 3-axis accelerometer, a 3-axis
gyroscope, a 3-axis magnetometer, a single-axis barometric
pressure sensor, an optical light sensor, and a location sensor
(e.g., GPS, WiFi or cellular triangulation).

The UWB-IR, TIRS, and microphone outputs correlate
with the general physiologic state of the animal, and are used
as a first-level filter to identify a possible distress state. The
accelerometer, gyroscope, magnetometer, barometric pres-
sure sensor, and location sensor outputs correlate with
coarse posture, position, and motion information, and are
used to classify behavior as “normal” vs. “non-normal” as
well as qualify the type of actions and motions (e.g., pawing,
kicking, rising/falling+/-healthy shake, rolling+/-thrash-
ing). Finally, the optical light sensor correlates with the
environmental conditions of the animal (e.g., inside/artificial
light vs. outside/natural light).

The MASNS analyzes all biometric, biologic function,
behavioral, and environmental inputs, to determine the pres-
ence and relative degree of distress using a fuzzy logic-
based model. In this model multiple inputs are evaluated to
derive a single quantitative output measure of relative dis-
tress (i.e., an Equine Distress Index [“EDI”]), ultimately
informing the system whether or not to issue one or more
wireless multi-level notifications (e.g., “watch” vs. “warn-
ing” vs. “alert”). If the sensor unit detects biometrics and/or
biologic functions outside acceptable limits for an unusual
period of time along with characteristic postures and/or
motion patterns that are outside normal limits for an unusual
period of time, algorithms compare the data with predefined
parameters and historical value/thresholds for each indi-
vidual animal to determine if a distress situation is occurring
and to remotely/wirelessly trigger a notification via a com-
munication protocol. When notification is triggered or when
the system is queried, the outputs of the GPS unit and/or
triangulation via WiFi or cellular signal strength correlate
with the latitudinal and longitudinal coordinates of the
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animal wearing the MASNS device and can be used to
precisely locate the distressed animal.

The device may be implemented to continuously monitor
horses in a variety of locations including, but not limited to,
stalls, pastures, breeding centers, show barns, and veterinary
clinics, as well as in trailers, trucks, vans, and/or other
modes of transportation. When distress is detected, the
device may relay the emergency situation to appropriate
caretakers via wireless communication methods in a cas-
cading or escalating fashion.

Various research applications are also enabled by the
monitoring, such as identifying more subtle conditions
based on biometrics, biologic functions, and behavioral
signatures of wild horse herds. Macro analysis of historical
data for larger aggregate populations and smaller cohorts
may also lead to the discovery of new risk factors and/or
markers of early onset colic and/or other conditions. The
opportunity to perform predictive analytics on the system’s
data may also prove beneficial to policy makers, insurance
providers, and others interested in protecting the welfare or
horses and their owners.

One aspect of the invention features, in some embodi-
ments/applications, a method for remote animal surveillance
and distress monitoring. The method includes detecting one
or more biometric parameter of the animal; detecting one or
more behavioral parameter of the animal; determining
occurrence of a novel event based on comparison of detected
parameters to a range of predefined parameter values and
qualifications; computing a composite value for a combina-
tion of detected parameters; determining whether the com-
posite value exceeds a predefined composite threshold value
indicative of possible distress in the animal; and notifying
one or more remote caretakers of possible distress in the
animal based on the composite value exceeding the pre-
defined composite threshold value.

In some embodiments/applications, determining occur-
rence of a novel event includes determining when one or
more of the detected parameters fall outside one or more of
predefined parameters or historical parameters for the ani-
mal.

In some embodiments/applications, determining occur-
rence of a novel event comprises use of a one-class classifier.

In some embodiments/applications, the method includes
detecting one or more biologic function parameter of the
animal and using detected biologic function parameters for
at least one of determining the occurrence of a novel event
and computing the composite value.

In some embodiments/applications, the method includes
updating the range of predefined parameter values and
qualifications, and composite threshold values in an on-
going fashion to conform to detected parameters for the
animal over time.

In some embodiments/applications, the method includes
use of fuzzy logic to derive the composite value.

In some embodiments/applications, notifying one or more
caretakers includes activation of an escalating notification
protocol across multiple channels.

In some embodiments/applications, the one or more bio-
metric parameter includes one or more of a respiratory rate,
heart rate, and temperature of the animal.

In some embodiments/applications, detecting the one or
more behavioral parameters includes monitoring data from
one or more of an accelerometer, gyroscope, magnetometer,
and barometric pressure sensor.

Another aspect of the invention features, in some embodi-
ments/applications, a method for detecting one or more
biometric parameter in animals. The method includes using
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UWB-IR to acquire one or more of respiratory rhythm data
and cardiac rhythm data; differentiating between the respi-
ratory rhythm data and the cardiac rhythm data by filtering
and principal component analysis followed by independent
component analysis for feature reduction and extraction
through conditioning of acquired rhythm data; using fast
Fourier transform for frequency analysis of the conditioned
rhythm data to determine a power level of respective domi-
nant frequencies; and correlating the respective dominant
frequencies with a respiratory signal and a cardiac signal of
the animal. Another application of UWB-IR is to acquire and
differentiate fetomaternal heart rates, respiratory rates, and
HRYV in pregnant mares. A further application of UWB-IR is
to acquire and differentiate biologic and/or physiologic
surrogates (e.g, muscular contractions, soft tissue displace-
ment) of uterine contractions and other labor events in
foaling mares. In some embodiments/applications, the
method includes determining when one or more of a respi-
ratory rate and a cardiac rate of the animal exceeds one or
more of a predefined threshold or historical threshold indica-
tive of possible distress in the animal.

In some embodiments, various biometric data and behav-
ioral data collected using methodologies/systems described
herein, (e.g., UWB radar) may be correlated with surrogates
of foaling and other conditions in horses, such as micro-
muscular facial contractions and HRV that correlate with
uterine contractions. These correlated data and conditions
may be used to provide greater insight and accuracy in
predicting foaling, distress, and well-being of the subject
animal.

In some embodiments/applications, the method includes
notifying one or more remote caretakers of the possible
distress in the animal based on the determining.

Another aspect of the invention features, in some embodi-
ments/applications, a method for mobile equine surveillance
and distress monitoring. The method includes monitoring at
least one of the respiratory rate and the heart rate of an
animal using UWB-IR; monitoring the temperature of an
animal using a thermal infrared sensor; monitoring the
behavior of the animal using at least one of an accelerom-
eter, gyroscope, magnetometer, and barometric pressure
sensor; determining the posture and location of the animal
using at least one of a barometric pressure sensor, global
positioning system sensor, and WiFi triangulation; determin-
ing when at least one parameter of the respiratory rate, heart
rate, temperature, behavior, and posture of the animal meets
a single threshold value; determining when a combination of
parameters of the respiratory rate, heart rate, temperature,
behavior, and posture of the animal meets a composite
threshold value indicative of possible distress in the animal;
and activating of an escalating notification protocol across
multiple channels to inform one or more remote carctakers
of possible distress in the animal.

In some embodiments/applications, the method includes
detecting one or more biologic function parameter of the
animal.

In some embodiments/applications, the method includes
monitoring of digestive activity of the animal using a
microphone.

In some embodiments/applications, the method includes
detection of one or more novel events though use of a
one-class classifier when one or more detected biologic
function parameter falls outside one or more of predefined
parameters or historical parameters for the animal; and
updating a range of predefined biologic function parameter
values and qualifications, single threshold values, and com-
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posite threshold values in an on-going fashion to conform to
detected parameters for the animal over time.

In some embodiments/applications, the method includes
determining occurrence of one or more novel events though
use of a one-class classifier when one or more detected
parameters fall outside one or more predefined parameters
and historical parameters for the animal;

In some embodiments/applications, the method includes
updating a range of predefined parameter values and quali-
fications, single threshold values, and composite threshold
values in an on-going fashion to conform to detected param-
eters for the animal over time.

In some embodiments/applications, the method includes
sending a notification when one or more of the heart rate,
respiratory rate, and temperature is outside an adaptively-
derived empirical upper limit of normal and lower limit of
normal for the animal while at rest.

In some embodiments/applications, the method includes
generating one or more of a first watch notification when the
heart rate is greater than about 15% above the resting normal
(RN) or is greater than about 15% below the RN for a period
of time, a second warning notification when the heart rate is
greater than about 40% above the RN or is greater than about
40% below RN for a period of time, and a third alert
notification when the heart rate is greater than about 70%
above the RN or is greater than about 70% below RN for a
period of time. The method further includes generating one
or more of the first watch notification when the respiratory
rate is greater than about 35% above the RN or is greater
than about 35% below RN for a period of time, the second
warning notification when the respiratory rate is greater than
about 75% above the RN or is greater than about 50% below
the RN for a period of time, and the third alert notification
when the respiratory rate is greater than about 150% above
the RN or is greater than about 65% below the RN for a
period of time. The method further includes generating one
or more of the first watch notification when the temperature
is greater than about 1% above the RN or is greater than
about 1% below the RN for a period of time, the second
warning notification when the temperature is greater than
about 2% above the RN or is greater than about 1.75% below
the RN for a period of time, and the third alert notification
when the temperature is greater than about 4% above the RN
or is greater than about 3.5% below the RN for a period of
time.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention
may be derived by referring to the detailed description and
claims when considered in connection with the Figures,
wherein like reference numerals refer to similar elements
throughout the Figures. Understand that Figures depict only
certain embodiments of the invention and are therefore not
to be considered limiting of its scope. Embodiments will be
described and explained with additional specificity and
detail through the use of the accompanying Figures.

FIG. 1 illustrates one embodiment of Mobile Animal
Surveillance and Distress Monitoring.

FIG. 2 illustrates one embodiment of a MASNS module.

FIG. 3 illustrates one embodiment of a MASNS decision-
making protocol.

FIG. 4A illustrates one embodiment of a MASNS deci-
sion matrix: Watch notification.

FIG. 4B illustrates one embodiment of a MASNS deci-
sion matrix: Warning notification.
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FIG. 4C illustrates one embodiment of a MASNS deci-
sion matrix: Alert notification.

FIG. 5 illustrates one embodiment of a hierarchy of FISs
for overall distress.

FIG. 6 illustrates an example of membership functions
within a fuzzy system.

FIG. 7 illustrates an example of Mamdani and Larsen
composition and implication operators.

FIG. 8 is a graphical representation of input membership
functions and shape for heart rate.

FIG. 9 is a graphical representation of input membership
functions and shape for respiratory rate.

FIG. 10 is a graphical representation of input membership
functions and shape for temperature.

FIG. 11 is a graphical representation of output member-
ships for Watch, Warning, and Alert notifications.

FIG. 12 is a graphical representation of FIS implementa-
tion using example fuzzy rules and database for heart rate.

FIG. 13 is a graphical representation of FIS implementa-
tion using example fuzzy rules and database for respiratory
rate.

FIG. 14 is a graphical representation of FIS implementa-
tion using example fuzzy rules and database for temperature.

FIG. 15 is a graphical representation of biometric risk
using example fuzzy rule aggregation and defuzzification.

FIG. 16A illustrates one embodiment of a behavior algo-
rithm.

FIG. 16B illustrates one embodiment of a behavior clas-
sifier for a specific target behavior.

FIG. 17A illustrates one embodiment of NED with one-
class classification.

FIG. 17B illustrates one embodiment of NED data win-
dow collection.

FIG. 17C illustrates one embodiment of NED model
learning.

FIG. 18 illustrates one embodiment of a biometric algo-
rithm.

FIG. 19 illustrates one embodiment of a respiratory rate
algorithm.

FIG. 20 illustrates one embodiment of a heart rate algo-
rithm.

FIG. 21A illustrates one embodiment of a respiratory rate
algorithm with one reading from a UWB-IR device.

FIG. 21B illustrates one embodiment of a respiratory rate
algorithm with 100 samples from a UWB-IR device.

FIG. 21C illustrates one embodiment of rhythm data after
filtering and zero mean.

FIG. 21D illustrates one embodiment of PCA components
of rhythm data.

FIG. 21E illustrates one embodiment of ICA components
of rhythm data.

FIG. 21F illustrates one embodiment of smoothened ICA
components of rthythm data.

FIG. 22A illustrates one embodiment of 2D FFT analysis
of rhythm data using all ICA components.

FIG. 22B illustrates one embodiment of 1D FFT of
individual frequencies of ICA components.

FIG. 22C illustrates one embodiment of FFT of rhythm
data after SNR-based ICA component removal.

FIG. 22D illustrates one embodiment of FFT of rhythm
data after summing FFT coefficients of ICA components.

FIG. 23 illustrates one embodiment of summed FFT of
ICA components after filtering of respiratory rate.

FIG. 24 illustrates one embodiment of real-time respira-
tory and heart rates for a horse over 7.5 minutes.

FIG. 25 illustrates one embodiment of linearized real-time
respiratory and heart rates for a horse over 7.5 minutes.
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FIG. 26 illustrates one embodiment of a biologic algo-
rithm.

FIG. 27 illustrates a perspective view of one embodiment
of an articulated enclosure.

FIG. 28 illustrates a side view of the articulated enclosure
of FIG. 27.

FIG. 29 illustrates a gasket access port extending through
an end of the articulated enclosure of FIG. 27.

FIG. 30 illustrates an end of the articulated enclosure of
FIG. 27.

FIG. 31 illustrates a side view of the articulated enclosure
of FIG. 27.

FIG. 32 illustrates a top view of the articulated enclosure
of FIG. 27.

FIG. 33 illustrates a bottom view of the articulated
enclosure of FIG. 27.

FIG. 34 illustrates an exploded side view of the articulated
enclosure of FIG. 27 and illustrating an inner liner of the
articulated enclosure.

FIG. 35 illustrates a perspective view of the articulated
enclosure of FIG. 27 and user controls and indicators
disposed at an end of the enclosure.

FIG.